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Rivaroxaban
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Chronic Kidney Disease

CrCl/eGFR equations:
1) Cockgroft Gault

2) MDRD
3) CKD-EPI 2009, 2012, 2021

4) EKFC 2024

GFR determinants:
Biomarkers (Cr, CysC)

Non-GFR determinants:
Age

Sex/Gender
Race

KI 2024 105 (Suppl 4S), S117–S314



CKD is Common 
(10-15% of the population)

PLoS One 2016 Jul 6;11(7):e0158765



NEJM 2023;388:1252-1254



Why do we have eligibility criteria in clinical trials?

• To define and standardize clinical trial populations
• Representativeness 
• Generalizability

• To improve statistical power
• Enrich the study population re: benefits/risks, adherence, competing risks
• Minimize drug discontinuation

• Safety of participants
• PK, PD, drug-drug interactions, teratogenicity, comorbidities, AEs/SAEs 

Clinical Trials: A Practical Approach 1st Edition: July 17, 2013



Patients with CKD and Underrepresented in RCTs

• Coronary artery disease
• Cardiovascular disease
• Peripheral arterial disease
• HFrEF
• Cancer
• COVID-19
• Many, many more settings

KI 2006 70, 2021–2030

JASN 31: 2250–2252, 2020

JAMA 2018 Jun 19;319(23):2437-2439

JAMA Intern Med. 2016 Jan;176(1):121-4
JAMA Network Open. 2024;7(3):e240427

Curr Probl Cardiol 2023 Mar;48(3):101047

CJASN 2019 Dec 30;15(1):117–119



JAMA Network Open 
2024;7(3):e240427



JAMA 2018 Jun 19;319(23):2437-2439



NEJM 2022;386:2120-8

Why are Patients 
with CKD 

Underrepresented 
in RCTs?

Systematic exclusion 
• Comorbidities
• Safety concerns
• Competing risks
• Polypharmacy



Competing risks

https://kdpredict.com/



Renalism within ACT???

RFA #1: High Impact RCTs

• ACHIEVE = dialysis 

• ARTESIA: SCr>221 or CrCl<25

• B-Free: none

• CLEAR: CrCl<30

• COP-AF: eGFR<30

• CYCLE: none

• EnAKT = living kidney donation

• HEMOTION: none

• RAFF4: none

• REVISE: none

• REFINE-ICD: CRF (HD or PD)

RFA #2: Conduct of RCTs

• ALICE: Pre-existing CRI

• CRAVE: eGFR<30

• Dial-Bicarb: dialysis

• KidneyCareOutreach: CKD

• NAPTEM-C: eGFR<60

• OK-TRANSPLANT 1: CKD/dialysis

• SAFE-AFIB: none

• TheRAPy: none

• VICTORY: none

RFA #3: Biotechnology

• AMT-143: clinically significant abnormal lab test

• EQUAL Dialysis: dialysis 

• LEADS: none

• PERIOP-06: none

• PONTIAC: AKI

• PVC-RAM-2: none

RFA #5: Bringing Trials to Canada

• ARTS: eGFR<30

• BEAT-Calci: dialysis

• BELIEVERS: ???

• CRAAFT-HF: none

• EASThigh: none

• IMPROVE-AD: none

• MAC-HF: none

• SURFSUP: none

• The 3LTA Study: none

• T4P: noneclinicaltrials.gov and anzctr.org.au and isrctn.com

JASN 2004;15:2462-8



Population Intervention Primary Outcome Exclusion criteria

ARTESIA Subclinical AF Apixaban vs ASA Stroke or systemic 
embolism

SCr>221 or CrCl<25

CLEAR Post-MI Colchicine vs placebo
Spironolactone vs placebo

CV death, MACE CrCl<30

COP-AF Non-CV thoracic surgery Colchicine vs placebo AF, MINS eGFR<30

REFINE-ICD Prior MI, LV dysfunction, 
abnormal ECG

ICD vs medical therapy Mortality CRF (HD or PD)

ALICE Laceration repair in children IN dexmedetomidine vs IN 
midazolam vs IN NO

OSBD-R (distress) Pre-existing CRI

CRAVE Right heart failure Empagliflozin vs ranolazine 
vs standard of care

Feasibility outcomes eGFR<30

NAPTEM-C Age>50 or age>18 with a 
high-risk medical condition 
or immunosuppression
SARS-CoV-2 infection

Paxlovid vs Antioxidant vs 
usual care
Antioxidant vs usual

All cause 
hospitalization or 
death

eGFR<60

AMT-143 Unilateral open hernia repair AMT-143 hydrogel containing 
ropivacaine vs ropivacaine vs 
placebo

Safety, tolerability, 
PK

clinically significant abnormal lab test

ARTS Elective abdominal or pelvic 
surgery

Apixaban vs no OAC VTE eGFR<30



Strategies to Support Better Eligibility Criteria Enrollment

• Increasing Patient Involvement in Clinical Trial Design
• Re-examining Exclusion and Inclusion Practices

• Justification based on internal validity, safety

• Increasing the Use of Innovative Trial Designs
• Pragmatic trials
• Basket trials
• Adaptive trials

FDA: Evaluating Inclusion and 
Exclusion Criteria in Clinical Trials, 

April 2018



Modernizing Eligibility Criteria

Benefits
• Earlier access to IP
• Better safety and efficacy data
• Earlier identification of drugs that 

may not be effective
• Generalizability to “real-world” 

patients
• Faster recruitment

Risks
• More variability in outcomes 

(sample size implications)
• Safety concerns may require 

separate cohorts or stratified 
analyses

• Complicate attribution of AEs
• Increased costs associated with 

additional cohorts
• Potential for additional procedures 

for increased safety monitoring
• Additional resources required

FDA: Modernizing Eligibility Criteria November 2017



Broadening 
eligibility criteria in 

cancer RCTs

NEJM Evid 2024;3(4)



FDA Guidance: The Need for PK in CKD/dialysis

• The FDA recommends that PK be characterized early in drug development
• Phase 1/2 studies or modeling /simulation strategies
• Sequential/adaptive enrollment of patients with CKD can also be considered 
• Population PK analyses of phase 2/3 studies may be sufficient 

• Inclusion of patients with CKD in the late-phase clinical studies
• A dedicated PK study is recommended when a drug or its active metabolites are thought to 

be substantially eliminated by the kidneys (kidney clearance of unchanged drug >30%)
• GFR >90, 60-90, 30-60, <30 categories with similar age, sex, race/ethnicity, weight and no 

drugs that potentially impact metabolism with sample sizes based on precise estimates of 
PK parameters

• Single dose PK is usually sufficient unless time dependent PK is anticipated 
• Same dose across GFR as Cmax is not influenced by GFR 
• Lower doses and/or less frequent administration in multiple dose studies

FDA: Pharmacokinetics in Patients with Impaired Renal Function March 2024



Conclusion

• CKD is common and affects 10-15% of the population
• Patients with CKD are underrepresented in clinical trials across 

acute/chronic diseases and therapeutic areas
• Exclusion based on kidney function may be justified when 

considering internal validity and safety
• Facilitators of the inclusion of patients with CKD in clinical trials 

include modernizing/broadening eligibility criteria, innovative 
designs and ensuring there is early PK data of IP during the drug 
development process



Thank You
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